Adenosine deaminase (ADA) 
Adenosine deaminase (ADA, Adenosine aminohydrolase, E.C. 3.5.4.4.) is an enzyme involved in the catabolism of purine bases, capable of catalyzing the deamination of adenosine, forming inosine in the process (Fox & Kelley 1978) . Its main physiologic activity is related to lymphocytic proliferation and differentiation.
The enzyme activity increases substantially during mitogenic (Hovi et al. 1976 ) and antigenic responses of lymphocytes and, conversely, lymphocyte blastogenesis is inhibited by inhibitors of ADA (Carson & Seegmiller 1976) . ADA activity is higher in T-lymphocytes (Huang et al. 1976 , Shore et al. 1981 with increased activity in the immature or undifferentiated stages. As a marker of cellular immunity, its plasma activity is found to be elevated in those diseases in which there is a cell-mediated immune response (Galanti et al. 1981 , Piras et al. 1982 .
Leishmania are dimorphic protozoa that spend part of their life cycle in a vector and partly in a mammalian host. The extracellular promastigote form of the parasite develops in the sand fly in-oculates into human (or other mammalian) skin. The promastigote subsequently undergoes phagocytosis by a macrophage and converts to the obligate intracellular amastigote stage (Chang & Chang 1985 , Sies 1987 . Macrophage is the exclusive host cell of the intracellular parasite Leishmania (Locksley & Louis 1992) .
Cutaneous leishmaniasis usually affects unclothed parts of body easily bitten by the sand fly vector, including face, neck and arms. After an incubation period of one week to three months in average, a red papule appears, which enlarges to a plaque or nodule. It may heal spontaneously in about one year. The clinical manifestations are dependent both on the infecting species of Leishmania and on the immune response of the host (Liew & O'Donnel l993, Grevelink & Lerner l996) .
Since relationship exists between ADA activity and the cell mediated immune response, and there is no data about ADA activity in cutaneous leishmaniasis, we aimed to determine serum, lymphocyte and granulocyte ADA activities of patients with cutaneous leishmaniasis and compare with control groups.
MATERIALS AND METHODS
Subjects -Patients came from Leishmania Eradication Center of Sanliurfa Region which is an hyperendemic area for leishmaniasis in the southeastern Anatolia of Turkey. Subjects were 50 patients and 50 healthy individuals aged of 10-30 years from the same area. All participants gave informed consent for the present study.
The clinical diagnosis was confirmed by laboratory demonstration of the parasite in the lesions by direct smears. Lesions were cleaned with ethanol, and punctured at the margins of the lesion with a sterile lancet. Exudating material was smeared, dried in air and fixed by methanol. The smears were stained with Giemsa's stain for examination by light microscopy. Microscopic diagnosis was made when amastigotes were identified in the smears. In order to confirm the diagnosis, the material was also cultured on Novy Mac-Neal-Nicolle (NNN) medium for up to three weeks to detect the leishmanial promastigotes. After diagnostic procedure, blood sample was withdrawn to measure serum, lymphocyte and granulocyte ADA activity.
Measurement of serum, lymphocyte and granulocyte ADA activity -Ten ml venous blood was withdrawn. Four ml of blood samples, were transferred into tubes, after centrifugation at 900 x g for 10 min, serum was separated for serum ADA activity measurement. Six ml of blood samples were transferred into tubes containing heparin. Lymphocyte and granulocyte were separated by Ficoll gradient centrifugation technique (Sigma Chemical Co., St. Louis, USA) (Boyum 1968a,b). The contaminating red blood cells were removed by hypotonic lysis.
The separated lymphocytes and granulocytes were washed three times with Hank's balanced salt solution (HBSS). The suspension of cells in HBSS solution was centrifuged at 800 x g for 10 min, and the supernatants were discarded. The sediment was resuspended in 1 ml of distilled water and the suspensions of cells were frozen and thawed six times. The centrifuged supernatants were then analyzed for enzyme activities and protein determination. Protein estimation was performed using the method of Lowry (Lowry et al. 1951 ) and results were expressed in mg/l. Serum, lymphocyte and granulocyte ADA activities were determined at 37 o C according to the method of Giusti and Galanti (1984) based on the Bertholet reaction, that is, the formation of colored indophenol complex from ammonia liberated from adenosine and quantified spectrophotometrically. One unit of ADA is defined as the amount of enzyme required to release 1 mmol of ammonia/min from adenosine at standard assay condition. Results were expressed as international unit of enzyme activity of serum and as unit of specific enzyme activity/mg protein of lymphocyte and granulocyte (Storch et al. 1981) .
Statistical analyses -Student's t test and correlation analyses tests were performed. A computer program that is SPSS for Windows Release 6.0 was used for statistical analyses.
RESULTS
Measured serum, lymphocyte and granulocyte ADA activities of patients and control groups are shown in Table. Significant differences between serum and lymphocyte ADA activities of patients and control groups were found (Figs l-2). However the difference between granulocytic specific ADA activities of patients and controls was not significant. There were positive correlations among ADA activities of serum, lymphocyte and granulocyte and, the duration of the disease, total area and sizes of lesions, but they were not significant statistically. The mean duration of the disease was 5.32 ± 2.78 months, and the mean area of lesions was 3.52 ± 3.10 cm 2 . Values are mean ± SD; a : values less than 0.05 is significant obtained from student's t test. 
Groups

DISCUSSION
ADA is an enzyme capable of catalyzing the catabolism of purine bases and whose principal biologic activity is detected in T lymphocytes (Sullivan et al. 1977) . The role of this enzyme in cellular immune function was highlighted following the discovery of reduced levels in patients with severe combined immunodeficiency (Van der weyden & Kelley l977).
The ADA activity originates from the action of principal isoenzymes, ADA-1 and ADA-2. ADA-1 is present in all tissues and is essential for an efficient immune response. The congenital absence of ADA-1 in the lymphocytes and erythrocytes causes severe combined immunodeficiency syndrome. ADA-2 is not related to severe combined immunodeficiency syndrome. It is found only in monocytes and macrophages and not in other cells and is released by these cells when they are stimulated by the presence of live microorganisms in their interior (Zuckerman et al. 1980) . The predominant isoenzyme in the sera is ADA-2 in all of infectious diseases (Ungerer et al. 1992) . However, the reason why ADA-2 is the predominant serum enzyme still has to be determined. It has strongly been suggested that serum ADA activity reflects monocyte/macrophage activity or turnover in different diseases (Gakis et al. 1989 , Ungerer et al. 1992 , Stancikova & Rovensky 1993 .
ADA has been considered as a marker of cell mediated immunity (Piras et al. 1978 , Baganha et al. 1990 ). Increased serum ADA activities have been observed in many infectious diseases caused by microorganisms infecting mainly the macrophages, in tuberculosis, leprosy, brucellosis, and in human deficiency virus (HIV) infection. Interestingly, Gakis et al. (1991) observed high ADA activities in the sera of three patients with visceral leishmaniasis (kala azar).
Very little data is presented about granulocytic specific ADA activity. We found no significant difference between granulocytic specific ADA activities of patients and control groups. ADA activity is higher in T-cells than in B-lymphocytes, and varies during differentiation of T-lymphocytes with increased activity found to be elevated in diseases in which there is a cell mediated immune response (Huang et al. 1976 , Shore et al. 1981 . High lymphocyte ADA activities have been observed in tuberculosis, leprosy, salmonellosis and in subjects with renal allograft transplants undergoing acute graft rejection where cell mediated immunity is stimulated (Yasmineh et al. 1977 , Ocana et al. 1983 . We found increased lymphocytic specific ADA activity in patients with cutaneous leishmanasis. During both experimental and human leishmanial infections, T cells stimulated by antigen proliferate and produce lymphokines capable of activating macrophages. Since Leishmania are obligate intracellular parasites of macrophages, it is generally assumed that the main effector mechanism controlling parasite growth is lymphokinemediated macrophage activation. A strong correlation has been observed between production of interferon gamma (IFN-g) and phagocytic activity of macrophages in leishmaniasis (Murray et al. 1982) . It has been shown that IFN-g is synthesized by the T helper type 1 (Th1) subsets of CD4 T lymphocytes (Steven & Scoot 1993) .
It was assumed for a long time that reactive oxygen intermediates such as superoxide and hydrogen peroxide were the major killing mechanism. However, recent studies from several laboratories show that nitric oxide is in fact the principal effector mechanism in cutaneous leishmaniasis. It has been shown that there are positive correlation between macrophage nitric oxide production and Th1 cytokines such as IFN-g, interleukin (IL) 2 and, negative correlation between macrophage nitric oxide production and T helper type 2 (Th2) cytokines such as IL-4, IL-5 and IL-10.
In our opinion, the increasing serum ADA activity in patients with cutaneous leishmaniasis may be a reflect of phagocytic activity of macrophages. On the other hand, the increasing lymphocytic specific ADA activity may also be reflecting the differentiation of lymphoblastoid cells to specially Th1 cells. Positive correlation between serum and lymphocyte ADA activities may be reflecting the induction of phagocytosis of macrophages by IFNg and IL-2 which are synthesized by Th1 cells.
According to our knowledge that is the first report about serum, lymphocyte and granulocyte ADA activities in cutaneous leishmaniasis. To explain the cause and mechanisms of increased levels of ADA activities further studies are requested. 
